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I. 	 INTRODUCTION 
Prior studies on Retort 1:10. 2 indicate that 85 to 90% yield 
could be obtained processing 3/4 to 1 1/2 inch oil shale 
charged at a rate of 500 lbs/(hr) (ft2). The optimum conditions 
with respect to both yield and good operability a?peared to 
be 4,300 SCF/T of air and 16,000 SCF/T of recycle. Extrapo­
lation of these data indicated that 87 to 90% yield Might be 
obtained if gas rates were increased slightly. On February 8, 
1966 a l4-day demonstration run was begun at 500 lbs/(hr) (ft2) 
with 4,600 SCF/T of air and 16,600 SCF/T of recycle with the 
following objectives: 
1. Demonstrate the highest yield possible retorting 
3/4 to ~ 1/2 inch oil shale at a rate of 500 lbs/
(hr) (ft ) over a long period of operation. 
2. 	 Demonstrate good operability at 500 lbs/(hr) (ft2). 
3. 	 Establish the precision of the oil yielc' and other 
major results. 
A long term run to test ",hether the operation is stable had not 
been made on either Retort No. 1 or Retort No.2. Consideration 
of the "dust hypotheses" could lead to a conclusion that a 
gradual build-up of dust over the long term could force a shut­
down. The "dust hypothesis" contemplates generation of dust 
in the retorting and combustion zones, circulation up to the 
beginning of the condensing zone "7here it picks up oil via 
condensation, absorption or impingement and recirculation back 
down the retort. The dust build-up snowballs to an equilibrium 
level filling the interstices in the bed. If the dust is not 
carried out with the large pieces of spent shale via agglome­
ration with oil or just riding behind the large pieces of 
shale it coulc build up causing excessive pressure build-up 
and oil yield loss. 
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II. 	 CONCLUSIONS 
1. 	 An average oil yield of 88.3 Vol % of raw shale Fischer 
Assay was obtained over a relatively long period of 
operation when 5etorting 3/4 to 1 1/2 inch oil shale at 
500 lbs/(hr) (ft). The 95% confidence interval for this 
average yield tf-87.6 to 89.0 Vol % Fischer Assay.
&6 
2. 	 The optimum gas rates at 500 lbs/(hr) (ft2) for long term 
processing of 3/4 to 1 1/2 inch oil shale in Retort No. 2 
are 4,300 ± 150 SCF/T of air and 15,000 ± 750 SCF/T of 
recycle. 
3. 	 Excellent operability was achieved after minor adjustments 
in air and recycle rates. 
4. 	 The 88.3 Vol % yield was obtained with a "retorting­
residence-time" of about five minutes and with a peak 
pressure gradient of about 3 1/2 inches H20 per foot. 
Past experience indicated that 7 to 10 minutes retorting 
residence time and peak pressure gradients below 3 inches 
H20 per foot were desirable. 
5. 	 Only minor maintenance was required during the run. 
- 6. The retort interncls and its auxiliary mechanical equip­ment were in excellent condition at the end of the run. 
7. 	 An olefinic naphtha was found in the recycle gas which 
\'las not fully accounted for in the nomal sampling pro­
cedure. Including this naphtha in the carbon balance 
would increase the averaqe carbon balance from 96.0% to 
99.7%. Again the low carbon balance had no effect on 
oil yield except possibly to indicate potential additional 
yield. 
8. 	 Spent shale dust loss out the conveyor exhaust stacks 
amounts to 2% of the spent shale. If included in the 
material balances it would increase the ash balance to 
98%. 
9. 	 The confidence limits established by this demonstration 
run indicate that the 95% confidence limits of the 
averaie yielc from future three-material balance studies 
is ± .7 vol % :-aw shale Fischer Assay. 
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III. DETAILED DISCUSSION 
A. 	 Material Balance History 
Twenty-three material balances were co~pleted during this 
demonstration run. Recycle rate and air rate were reduced 
after the fourth balance in order to bri~g pressure drop and 
yields in line with the previous ex~erience. Therefore the 
first four balances have not been considered in the statistical 
analyses of the results. Other reductions in recycle rate 
occurred, but analyses of the results collectively and in tvl0 
groups show no significant effect of these changes on material 
balance results as shown in Table 1. There was no effect on 
yield, and a very slight increase in spent shale te~perature 
and decrease in pressure drop l:dth the reduction in recycle 
rate, as would be expected. 
The mean results sho", that we have 95 per cent confidence 
that at these conditions and with the configuration used in 
Retort No. 2 for this demonstration run: 
1. 	 A yield of 87.6 to 89.0 volume per cent of Fischer 
Assay can be obtained from 27 to 30 gallon per ton 
shale. 
2. 	 The measure~ent techniques on Retort No.2 do not 
account for~ 
a. 	 4 - 5 Wt % of ~~~ raw shale organic carbon. 
b. 	 :is - 22 "1.: ':; cf t_l~'2 ''later produced. 
c. 	 4 -. 5 Nt ~ of the spent shale. 
A chronological presentation of the key material balance re­
sults are shown in Figure 1. This figure shows graphically 
the type of fluctuations observed in the results and it 
clearly shows the gradual increase in the assay of the raw 
shale throughout th~ demonstration run. Some of the fluc­
tuations in results can be related to process measurements; 
for example, the 0rop in yield and carbon balance on balance 
ilL" is the :::-::.-sult ("If. a 25 per cent drop in liquid product 
rate durin(' ? :::;:i.:i'"".a nne hour readinq. Balances "P" and nU" 
'II!hich ;;'I_Isc;' ::;: ,r.;',: ] t,'.-;'-:7." flut::tuations in yield and organic car­
bon b ?n(.;r~ JI..... :" P;.1'" , . "'. "i ..i.l:'..~eT tha.n normal fluctuation in raw 
shale o.ssay" 
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TABLE 1 
SUMMARY OF MATERIAL BALANCES FROM 
DEMONSTRATION RUN B8l7 
Material Balances 
Operating Conditions 
Raw Shale 
Rate, Ibs/(hr)(ft2) 
Assay, Gal/Ton 
Air Rate, SCF/T 
Recycle Gas Rate, seFIT 
Products Recovered(l) 
Oil, Vol , RSFA 
Total Water, lbs/Ton RS 
Dry Vent Gas, SCF/T 
Mineral C02 Decomp., , 
Operating Results (1) , 
Offgas Temperature, 0 F 
Spent Shale Temperature, 
Avg. Pressur~ Gradient, • 
Material Balances, Wt ,(1) 
Overall 

Ash 

Organi.c Carbon 

Organic Hydrogen 

Water 

Total Oxygen 

Product Properties(l) 
Oil Gravity, 0 API 
'. 
• 	 F 
820/Ft 
C - u 

500 
28.6 
4,260 
15,400 
88.3±0.7 
67 ±l 
5,530 ±20 

33.3%0.6 

132 +1 
244 ±4 
0.88±0.03 
98.7tO.2 
96.4±0.5 
96.0tl.l 
99.2±1.6 
80.3%2.3 
96.3±0.6 
19.7±0.1 
Spent Shale Organic Carbon, Wt , 2.15%0.07 
Gas Gross H~ating Value, 104 
BtU/SCF(2) 
C - I 

497 
27.8 
4,280 
16,000 
88.4±0.9 
68 ±2 
5,500 ±20 
33.6±1.2 
132 +3 
242 ±7 
0.94tO.06 
98.6%0.3 
96.4%1.5 
96.4±1.7 
100.1±4.l 
78.8%4.4 
95.8±1.2 
19.9±0.2 
2.l0±0.06 
100 
J - U 

501 
29.1 
4,250 
15,000 
88.3±1.1 
66 ±2 
5,540 ±30 

33.0±0.8 

132 ±2 
245 ±6 
0.85±0.03 
98.7±0.3 
96.4±0.5 
95.8±1.5 
98.7tl.5 
81.3%2.8 
96.6±0.6 
19.6±0.1 
2.l8'!0.07 
116 
(l)Mean .result with 95' confidence "limits "ot mean. 
(2)special analyses on WgrabWgas samples 'from three runs indicate that 
there is about two pounds of olefinic naphtha in gas which is not measured 
by the normal sampling procedure, ,this would increase this heating value 
by 45 BtU/SCF. 
. PWSnyder 
3/14/66 
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B. 	 Precision of Control 
1. 	 Raw Shale Rate 
The standard deviation of the raw shale rate for the 
material balances "las ± 0.6 per cent. The maximum 
fluctuation when examining the rate on t,.,o hour bases 
as shown on Figure 2 was ± 3 per cent. In order to main­
tain the precise control of the ra',! shale it ".ras neces­
sary to keep the Syntron scale free of dust and pieces 
of shale which periodically fell on it. 
The combination of the weigh-bin weight recorder and 
the weigh-bin dump recorder proved necessary in estab­
lishing the shale rate. The dump recorder skipped dumps 
on several balances and the weight recorder Nas used 
to confirm this as well as pick up variations in weight 
of each dump f,>,1hich was a minor problem during the be­
ginning of the run. 
2. 	 Air Rate 
The measured air rate in SCF/T deviated only ± 30 SCF/T, 
which i~ about the precision of the raw shale rate. The 
true 	deviation is most likely ± 150 SCF/T since the 
calibration t.eses ShO'llS a range of ± 3 per cent. 
3. 	 ~t:.~le Gas Ratl':,. 
The measured r~cycle ~·:-·?t ~_ ":,,:7iated ± 100 SCFIT I once it 
was held co~at~nt; b~~ the ~~3cision of the actual 
recycle rate ,,,as .More 1:.1<elY ± 750 SCF/T since: 
(a) 	 The qas seal at the bottom of the retort indi­
catej a mean gas loss (reduction in recycle) 
of 300 ± 200 SCF/T. 
(b) 	 Hano;:neter measurements on the recycle orifice 
meter fluctuated ± 1 inch of water t,rhich is 
p.quivalent to ± 750 SCF/T. 
(c! 	 Recycle orifice calibrations indicate the 
-:>r:i.::ice measurement is about 400 SCFIT Im.,er 
~han the more accurate RootS-Connersville r1eter. 
Tne !:'epo~t:ed avp.raqe recycle rate is probably close to 
the act.ual a.vet"aqe rate since the reduction from gas loss 
out the bo'i:.tcT:1 star feeder is about equal to the average 
calibrati00 difference. 
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C. 	 Accuracy of Results 
1. 	 Significance of t1aterial Balances 
The average material balances shown below indicate the 
same degree of measuring accuracy as observed in p.as.t 
runs on Retort No.2: 
1-1ean 	 Material Dalances For Balances C - U 
Typ, 	of Balance 95% Confidence Interval 
Overall 98.5 to 98.9 

Ash 95.9 to 96.9 

Organic Carbon 94.9 to 97.1 

Organic Hydrogen 97.6 to 100.8 

~,~ater 78.0 to 82.6 

Total Oxygen 95.7 to 96.9 

These balances should be 100% and any deviation from 100% 
is a measure of inaccuracy. They all indicate a higher 
loss than our confidence in raw shale rate or liquid pro­
duct 	measurements would suggest. Therefore analyses 
were 	made on: 
(a) 	 The loss of spent shale dust before sampling 
and ''1eighing. 
(b) 	 The composition of the recycle gas prior to 
the purge cono.enser. 
These studies showed a significant loss of sp.ent shale 
out the spent shale conveyor exhaust stacks and a higher 
water and organic carbon content of the offgas than 
measured by the normal vent purge sampling system. Adjus­
ting the average results of Balances "c" through "u" for 
the average increase in water and carbon brings all of 
the balances, with the exception of the hydrogen balance, 
to a more acceptable level as shown on Table 2. Additional 
losses of spent shale fro~ the conveyor system and on 
crushing the spent shale sample most likely account for 
the remaining 2% ash unaccounted for. 
2. 	 Spent Shale Dust Sampling 
A Buell dust sampler was purchased for the purpose of 
measuring spent shale dust exhausted from the two dust 
rotoclone stacks on Retort No.2. Prior to this time 
spent shale dust losses were unaccounted for in 
material balance calculations. 
Stack velocities '!tlere measured .. usinq a pitot tube. The 
circular cross sections were divided into either four or 
five 	equal annular areas and a central circle. Velocity 
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TABLE 2 
EFFECT OF SPECIAL SPENT SHALE AND OFFGAS 
ANALYSES ON MATERIAL BALANCE RESULTS 
Mean For Special Analyses

Bases: Balances Spent Gross 

C - U Shale Offgas Effect 

.MEASUREMENTS : 
Spent Shale 
Rate, lbs/hr 3550 +60 3610 
Total Carbon, Wt , 6.01 + o. 02 .~, : 6.03 
! 
,
Mineral C02, wt , 14.2 .. O~l ;. 14.1 
Ash, Wt , 84.0 - 0.1 ;., 83.9 
Gas Analyses (Dry) I, , 
Water Content, 1bs/MSCF 8.0 + 3.6 11.6 

C3+ Hydrocarbons, lbs/MSCF "",,2 + 3.6 5.6 

Total Carbon, lbs/MSCF ·12.6 + 1.9 14.5 

Total Hydrogen, lbs/MSCF 0.81 + 0.39 1.20 

I, 
RESULTS: 
Yields 
Total Water, 1bs/Ton 67 87 

Mineral C02 Decomposition, , 33.3 
 33.6 
Gas Heating Value I : 
Btu/SCF 104 +46 150 . 
¢/Bbl Shale Oil @ l6¢/MMBtu 9 + 4 13 
r;,.
i,Material Balances I . 
I . f 
Overall 98.7 + o.l~ '+ 0.8 99.6 ! I.
Ash 96.4 + 1.6 98.0 
Organic Carbon 96.0 + 0.2 +'3.7 99.9 I,Organic Hydrogen 99.2 
;j" 
+ 5.8 ,.;105.0 
' '\ ~Water , 80.3 "". 1.1 +23.2 102.' ' .Total':0?tygen ,,96.3 ;8 0.2 + 4.8 100.9 
t 
, -'1 
\ : I
f· 
f 
" 
!-:'>--:rt\~ , 
,- .. "It· 
5:,\ :1 
,'! 
PWSnyder
3/14/66 
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readings were made at the intersections of a diameter and 
the set of circles which bisect the annuli and the cen­
tral circle. Velocities of the equal areas were then 
averaged to arrive at a mean duct velocity. The 12 inch 
diameter west stack had an average gas velocity of 2,870 
feet per minute, and the 10 inch east stack was 2,640 
feet per minute. 
Following velocity determinations in the two stacks 
isokinetic dust samples were taken during demonstration 
tests B8l7 R - U. Triplicate dust samples were taken 
from each stack. These saroples indicated a dust loss 
of 16 pounds per hour out of the east stack and 45 pounds 
per hour out of the west stack. Laboratory analyses of 
the dust are listed below. 
TABLE 3 
Analyses of Spent Shale Dust Samples 
Normal 
Spent Spent Shale Dust 
Shale ~est Stack East Stack Averaqe 
Mineral C02, Nt % 
Ash (shale, Pt % 
Carbon, tr-7t % 
Hydrogen, ~'Jt % 
14.2 
84.0 
6.01 
0.16 
12.0 
84.4 
7.08 
0.19 
14.2 
81. 5 
8.15 
0.25 
13.1 
83.0 
7.62 
0.22 
Date Samples Taken 2/21/66 2/23/66 
3. Special Analyses of Recycle Gas 
The recycle gas analyses present other considerations 
such as the effect of these additional hydrocarbons on 
yielQ potential and value of the vent gas. These analyses 
V-Tere made by sampling the offgas with a pitot tube after 
recovering the mist and passing the gas through a train 
consisting of: 
(a) A 32° F trap 
(b) A-110° F trap 
(c) A charcoal absorber 
(d) A wet test meter 
AS sho"m in Figure 3, the 32° F trap collected 20 to 
40% of the total C3+ hydrocarbons in the gas. An 
approximate type analysis of the hydrocarbons condensed 
at 32° F was made by Socony Mobil. This material was a 
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C5 - C13 olefinic naphtha as shown in Table 4 and amounted 
to about 3 Vol % of the raw shale Fischer Assay. An 
analysis of the hydrocarbons in the -110° F trap is 
being made; if, this has about the same boiling range it 
could account for another 6 Vol % of the raw shale 
Fischer Assay. These could amount to a total of 9 Vol %. 
In order to confirm the significance of the presence of 
this material on potential yield loss the fo11m,ling infor­
mation is needed. 
(a) 	 Additional studies to confirm the amount of 
this naphtha in the gas from both Retort No. 1 
and Retort No. 2 and to establish why it is 
not picked up with the normal sampling pro­
cedure. 
(b) 	 The composition of the hydrocarbons collected 
in the -110° F trap in order to determine how 
much is naphtha versus C3 and C4's. 
(c) 	 The amount of similar compounds produced by 
Fischer Assay in order to compare yields of 
identical hydrocarbons. 
(d) 	 The amount of these hydrocarbons "'hich are 
cracked to coke and gas when recycled to the 
retort. 
The unaccounted for hydrocarbon in the recycle gas 
increases its heating value by an'average of 46 Btu/SCF. 
If this 9as is worth 16¢/MMBtu this will reduce the 
cost of retorting by about 4¢/bb1' of ,shale oil pro­
duced. 
4. 	 Distribution of Raw Shale Organic Carbon Among the 
Products 
The distribution of raw shale organic carbon among the 
products is compared to that obtained in the raw shale 
richness study on Retort No. 1 in Figure 4. This cor­
relation also strongly suggested that there is missing 
carbon in the gas since the carbon in the gas is lower 
than observed for the richness study in spite of the 
fact that the carbon in the spent shale is also slightly 
lower. The lower carbon in the spent shale is probably 
the result of more burning of shale in Retort No. 2 
which is supported by the 50% higher carbonate decomposition. 
Adjusting the carbon distribution for the added hydro­
carbons found in the gas moves this correlation to closer 
agreement with Retort No. 1 experience. 
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TABLE 4 
!'" 
•! 
APPROXIMATE COMPOSITION OF HYDROCARBONS RECOVERED fFROM RETORT NO. 2 OFFGAS IN 32° F TRAP 
(Mass Spectrometer Analyses by Socony Mobil Laboratory 
. at Paulsboro, New Jersey) 
~.' 
Type Mole. 
Paraffins 28.6 
Mono Olefins + Monocycloparaffins 31.6 
Cyclo Olefins,+ Di9Ycloparaffins + Diolefins 13.1 
Cyclodiolefin + Dicycloolefin 13.2 
Alkyl Benzenes , 
\ 
\ 10.2 
Indans + Tetralins 2.5 
Naphthalenes 0.8 
Total 100.0 
, 
Average Molecular Weight (Total Sam~le) 124.3 
• ! 
Approximate Carbon Number Distribution (Mole ') (1) 
Carbon Number Paraffins Alkylbenzenes 
5. 1.2 • 
-/ ;
6 1.6 1.1 , 
7 1.9 1.7 
8 3.8 2.9 , I 
9 10.4 2.4 . . 
10. 5.1 1.1 
11 2.8 . 'I." 0.6 
12 1.2 0.3 
13 0.6 -0.1-
Total 28.6 • 10.2 • 
PWSnyder 
3/14/66 
I 
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5. anic Carbon Balance Pith Yield 
ance 
As observed in the past the organic carbon balance cor­
relates well with the overall balance and yield as shown 
in Figure 5. The adjustments to the balances for the 
additional water and hydrocarbons found in the gas will 
shift the curve as shown but will not eliminate the bias. 
This bias appears to be inherent in the sampling and 
analyses. The assays of the balances on the extremes 
of these correlations are suspected to be from samples 
not representative of the balance. The factors in the 
assay which effect yield, overall balance, and organic 
carbon balance are interrelated; therefore, it appears 
that the relationships of organic carbon balance with 
yield and overall balance are the result of less tban per­
fect sampling of the raw shale. If more accuracy ~n 
yield is desired, improvements in raw shale sampling 
will be necessary. 
D. Precision of Results 
The standard deviation of all the key results from balances 
"c" through "U" have been used to calculate the best precision 
we can expect from Retort No. 2 for planning future studies. 
A summary of the confidence that can be had in the average 
result from 1, 2, and 3 future balances are sho't'ln in Table 5 
for 80 and 95% confidence. Normally the average yield from 
three balances is used to interpret effects of a change. 
This demonstration run shows that a change in yield for the 
average of three future balances from the mean of the demon­
stration run has to be greater than about 2.4 Vol % for 95% 
confidence that there is a difference (0.7 Vol % for the 
demonstration run + 1.7 Vol % for the mean of three future 
runs), or greater than about 3.6 Vol % if only one future 
balance is relied upon. ~fuen making the final comparison, 
in order to precisely interpret the confidence of a difference, 
the "t-test" for grouped data should be used. 
E. Process Data Analysis and Correlations 
1. Offqas Temperatures, 
In the past, a large spread between the north and south 
offgas temperatures has usually been a valid indication 
of clinker formation or bridging in Retort No.2. This 
is understandable since the presence of a clinker or 
localized high density mass in the retort is quite apt 
to promote gas channelling which \""ould result in uneven 
temperature distribution. It should be noted, however, 
that when such a condition exists in the retort, very 
often there are other indications such as non-uniform 
--
I 
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TABLE 5. 
CONPIDENCE IN RESULTS PROM RETORT NO.2 
(Bases are Runs B817 C-U) 
• 

•
Level of Confidence: 
Number of Balances: 
Products Recovered 
Oil Vol , RSFA 

Total Water, 1bs/Ton RS 

Dry Vent Gas, SCP/T 

Mineral C02 Decomp., % 

Operating Results 
Offgas Temperature, • P 
Spent Shale Temperature, • r 
Bottom Pressure"Inches H20 
Material Balances, % 
Overall 

Ash 

Organic Carbon 

Organic Hydroqen 

Water 

Total Oxyqen 

Product Properties 
Shale Oil Gravity, • API 
Gas Heatinq.Va1ue, Btu/SCP 
Spent Shale Orqanic Carbon, Wt , 
Confidence Limits of Mean, ± 
80% 95% 

1 2 3 123 

1.9 
4 

70 

1.5 
4 

12 

1.3 
0.5 
1.4 

3 

4 

6 

1.5 
0.1 

12 

0.1 
.' 
1.3 

3 

50 

1.1 
3 

8 

0.9 
0.4 
1.0 
2 

3 

4 

1.1 
0.1 

8 

0.1 
, . 
. . 
1.1 
2 

40 

0.9 
2 

7 

0.8 
0.3 
0.8 
2 

3 

4 

0.9 
0.1 

7 

0.·1 

2.9 
6 

100 

2.5 
6 

19 

2.1 
0.8 
2.3 
5 

7 

10 

2.5 
0.2 

19 

0.2 
2.1 
4 

70 

1.8 
4 

13 

1.5 
0.6 
1.6 

3 

5 

7 

1.8 
:0.1 
13. 
0.1 
1.7 
3 

60 

1.4 
4 

11 

1.2 
0.5 
1.3 

3 

4 

6 

1.4 
0.1 

11 

. 0.1 
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shale flow and abnormal temperatures in the affected zones. 
During the demonstration run a sizable spread in offgas 
temperatures \tras observed on several occasions, especially 
during the early portion of the run \tlhen the higher gas 
rates were used and relatively hiqh ?ressures were ob­
tained. But there 'Ylere no corresponding indications of 
non-uniform shale flow or abnormal te~peratures in the 
retort. Further, referring to Figure 2, it is apparent 
that the offgas temperature spread is related to the 
retort pressure. A plot of offgas temperature difference 
versus retort bottom pressure tends to indicate this but 
the scatter of the data is too broaci to accurately define 
the relationship. On the other hand, a plot of the indi­
vidual offcras temperatures versus pressure (Figure 6) 
clearly shows that whereas the north offgas te~.perature 
is relatively constant, the south offgas te~perature 
definitely increases with pressure. 
It is no'V-r believed that this effect ",as caused by the 
method in which raw shale feed t.,as introduced into the 
top of the retort. The original design of the feed chute 
system was intended to have the star feeder discharge 
chute empty into the center of the Main chute as shmV'D in 
the "aftertl dra~ling in Figure 7. Inconsistency in some 
of the working drawings led to fabrication and instal­
lation of a mirror imaqe of the discharqe chute Nhich 
emptied against the north 'tV'all of the main chute. This 
is illustrated by the "before" drawing in Figure 7. The 
error was not discovered until after the demonstration 
run was started and since goot operability had been ob­
tained previously with this configuration, it was thought 
unnecessary to correct it at that time. 
However this discovery does help to explain some of the 
data obtained, particularly the offgas temperature data. 
The discharge of shale against the wall of the main chute 
enhances particle size segregation. In this case the 
larger particles tend to flow to the south while the smal­
ler particles are concentrated on tr.e north side of the 
retort. This results in variance in void fraction and 
bed density across the retort and consequently, uneven 
gas distribution. The smaller void fraction and particle 
size on the north side 't.,ould create a higher pressure 
drop than that on the south, promoting increased gas flow 
up the south side of the retort. This would explain the 
bias observed in the offgas temperatures Nhere the south 
temperature was always higher than that on the north 
side. It follows also that as the retort pressure is 
increased the situation becomes aggravated and this is 
in fact what is shown graphically in Figure 7. After 
the demonstration run was coropleted a new discharge 
chute was fabricated and installed properly (see "after" 
in Figure 6). The retort is nm-7 back on stream and the 
bias in offgas temperatures observed previously is non­
existent. 
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2. Horizontal Combustion Zone Temperatures 
Typical horizontal combustion zone temperature profiles 
are represented in Figures 8 and 9. The profiles were 
obtained by introducing horizontal probes into the bed 
from the west wall at a level 6 1/4 inches above the air 
injection slots in the riserse Only the west half of 
the bed was probed and the average profile for the east 
half has been estimated from these data. These plots 
show the high temperatures and relatively large tempera­
ture gradients which exist in the combustion zone. The 
general pattern of the individual probe profiles is of 
equal interest. The probes are spaced at intervals be­
tween the north and south walls of the retort and are 
number ordered. TR3-10 is nearest the north wall and 
TR3-l3 is nearest the south wall. The figures show a 
decreasing trend in temperature from north to south. 
This can be explained at least in part by the particle 
size segregation discussed in the preceding section. 
Since the smaller particles would tend to accumulate on 
the north side, the burning rate was probably higher 
there than on the south side. The profiles appear to 
indicate this. Also, the trend observed in these pro­
files does not exist in profiles taken since the dis­
charge chute installation was corrected. 
3. Vertical Temperature Profile 
The temperatures from the top of the bed to the air inlet, 
excepting those in the combustion zone, were obtained 
with the vertical thermowel1. Combustion zone temperatures 
and those in the heat recovery section below the air dis­
tributor were obtained by probing the bed with horizontal 
thermocouple probes. Average temperatures obtained in 
each material balance test period are included in Figure 
10 and the overall average profile is indicated by the 
heavy black line. The profile is comparable to those 
normally obtained with this type operation. The plot 
indicates that the average retorting residence time for 
the run was five to six minutes, where the retorting zone 
is defined as the region in which the gas temperature is 
between 800 and 1,000 0 F. 
The retorting zone temperatures (measured at the one and 
two foot levels above the air inlet) were found to cor­
relate with retort pressure as shown in Figure 11. This 
can be explained in part by the changes made in total 
gas rate, since retort pressure is a function of ''JClS 
rate. It can be projected further that fluctuating dust 
concentrations in the retorting zone can produce signifi­
cant changes in the bed void fraction and gas velocity 
distribution across localized areas. Increased gas rates 
in the region of the vertical thermo\le11 would increase 
measured temperatures. 
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4. Vertical Pressure Profiles and Gradients 
The vertical pressure profiles and pressure gradients 
are shown in Figures 12 and 13 respectively. In both 
cases the overall average is represented by the heavy 
black line and average data froM each material balance 
test period have been included to show the full range 
of variation throughout the run. 
The effect of excessive gas rates on the retort operation 
can be seen in Figure 14, which shows a relatively high 
pressure gradient in the retorting and oil condensing 
zone between 2 to 3 feet above the air distributor. The 
high gradient is believed to be due to formation of a 
high density oil/dust mass resulting from increased 
dust concentration in this zone. Since the dust-carrying 
capacity of the gas increases with increasing gas rate, 
it is highly probable that there is a critical level 
beyond which excessive dust concentrations seriously 
affect the retort operation. For example the degree of 
oil/dust agglomeration could become sufficiently great 
to interfere with shale flot:T. Such a condition in the 
retort has previously been referred to as "bogging". 
During test B8l7-B, the pressure began rising exponentially 
and although no interference in shale flow \.ras detected, 
the very rapid pressure build indicated that the unit 
might be approaching the "bogged" condition. The avoid 
such a situation, the gas rates were reduced and the 
pressure gradient between the 2 to 3 foot level decreased 
to 2.5 inches H20 per foot. Ho",ever, during the next 
several test periods, the pressure increased gradually 
and during B8l7-G it began to rise more sharply. The 
latter pressure increase was not as ranid as that observed 
during test B8l7-B but comparison of the respective pres­
sure gradient profiles (Figures 14 and 15) suggests that 
the condition in "Gil were approaching those 't"hich had 
existed in "B". Therefore, the gas rates ",ere reduced 
further. The pressure gradient between the 2 to 3 foot 
level above the distributor dropped and remained at a 
level of 2 to 2 1/2 inches H20 per foot throughout the 
remainder of the run. The profile illustrated in Figure 
16 is typical of those obtained from the test periods 
following the final gas rate reduction and is characteristic 
of the profiles from previous Retort No. 2 runs \'1here 
good operaLility had been obtained. 
5. Mist Studies 
During the demonstration run, two types of mist studies 
\'Tere made. In the first study a sample '\>,1as taken every 
48 hours from the top of the bed along the east wall of 
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the retort. The median mass diameter (Dmmd) , geometric
standard deviation ( V- g) , and the mist loading are tabu­
lated belo'-l. 
TABLE 
Mist Determination Surnrnarx 
(Sample Location = Top of Retort No. 2) 
Test No. B8l7- A D G J L H P S 
~1edian M.ass Diameter 2.93 2.96 2.99 3.20 2.36 2.51 3.19 2.53 
(Drnrnd) , ..v... 
Geometric Standard 1.71 1.64 1. 71 1.69 1. 65 1.60 1.60 1.65 
Deviation ( q-g) 
Measured Loading, 5.98 5.69 7.25 6.02 9.36 8.46 7.90 10.5 
#/HSCF 
Calculated Loading, 8.65 9.03 9.79 9.85 10.6 9.88 9.25 10.6 
#/MSCF 
Total Offgas, t1SCF/Ton 22.8 22.6 22.2 21.1 20.7 20.8 21.2 21.3 
These results ShOl.<l that the DIlU"\d increased gradually 
through B8l7-J where it reached a value of 3.2 jJ, • It 
then dropped to the 2.5 P.. level and remained there, except 
during B8l7-P, for the remainder of the run. It was ob­
served that during those runs in which the size was near 
or above 3.0 .N(" the pressure drop in the lO,"Ter portion 
of the retorting zone was abnormally high. (This is the 
pressure drop between pressure taps 4 and 5 which are 
approximately two and one foot above the air inlet level.) 
It may be seen, also, that the mist loadings obtained during
periods of high pressure drop or flooding were 3 to 4 . 
10 oil/MSCF below the calculated loadings while those 
obtained during non-flooded conditions ",ere much closer 
to the calculated values. 
The main conclusion drawn from these results is that nor­
mal non-flooded operation is characterized by a Drnmd of 
around 2.5 ~with a loading close to the calculated value. 
Flooded operation, that is, operation with regions of 
high pressure drop in and around the retorting zone is 
characterized by a Dmmd of 3.0 A or above and loadings 
much lower than the calculated value. 
The second study, performed during test B8l7-L, was 
designed to obtain a vertical profile of the mist in the 
bed and the results of this study appear in the follo\<dng 
table. 
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TABLE 7 
Vertical Mist Profile 
(Test B8l7-L) 
Sampling Point, ft above air 8 6 4 
inlet 
Drnmd, ~-( 2.36 2.28 1.82 (1. 5) 
~"g 1.65 1.60 1.49 
Measured Loading, #/HSCF 9.36 8.04 5.61 
Temperature, o F 140 300 470 800 
(1) Sample line became plugged with fines, Dmmd was estimated 
from observed color of mist. 
The data show a steady decrease in both the mist size and 
loading as the combustion zone is approached. The mist 
also becomes more homogeneous as its point of origin is 
approached. Calculations show that roughly the same 
number of particles of mist exist at all levels. It is 
thus concluded that under non-flooded operation, once 
nucleation occurs, no additional nuclei are for~ed. 
The mist continues to qrow on these nuclei as the gases 
n":ove up the retort and cool. 
Under flooded conditions, the situation is much more 
clouded. There is evidence that there is an excess of 
nuclei upon which mist could form but the measured 
loadings are M 1lCh lower than the calculated values. How­
ever, there are no large yield losses corresponding to 
the lower loadings. From the studies made thus far it 
is assumed that, since the regions of high pressure drop 
and mist nucleation coincide, there is an interaction 
between these two phenomena. 
The relationship between retort pressure and mist size 
is further emphasized by the correlation developed 
between retort bottom pressure and liquid product re­
covery in the electrostatic precipitator. This cor­
relation is shown in Figure 17. As expected, the electro­
static precipitator recovery decreases with increasing 
pressure since the efficiency of the primary recovery 
equipment increases lAli th increasing mist size. It is 
interesting to note also, that the slopes of the total 
liquid and oil recovery curves are the same, suggesting 
that the relative effect on water mist size is not unlike 
the effect on the oil mist. 
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F. 	 Test Data Analys~s and Correlations 
Although there is not a large range in variation in conditions 
or results during this demonstration run; the following cor­
relations appear to be significant: 
1. 	 Effect of F.aw Shale Fischer Assay 
Variations in key results were compared to the corresponding 
variation in Fischer Assay in order to see what effect, 
if any, Fischer Assay was having on the perforMance of 
the run. In addition, the results from the richness study 
on Retort No. 1 where the shale richness was varied from 
20 to 40 gallons per ton t--lere used to help interpret the 
effects. This comparison is shown in Figure 18. The 
conclusions from this comparison are: 
(a) 	 Fischer Assay variations had no effect on yield 
or pressure gradient over this narrow range. 
(b) 	 Yield was about 1% higher than would be pre­
dicted by the results of the richness study. 
(c) 	 The heating value of the gas in Btu/Ton raT>\, 
shale processed increased with assay at about 
the same rate observ~d in the richness 
study. But, the level was 25% lower. This 
appears to be the result of unaccounted for 
naphtha in the vent gas as shown by the three 
cases where "grab" gas samples \'lere ohtained 
,,71th -110 0 F liquid recovery train. 
(d) 	 Hydrogen produced increased with increasing 
assay as observed in the richness study. 
Although not plotted, the methane produced 
also increased with assay but was at a 20% 
lower level than observed from the richness 
study in Retort No.1. 
2. 	 Effect of Total Gas Rate 
Previous c.ata have shown an increase in yield ~·1ith increasing 
recycle rate or increased offgas rate. However over the 
3,000 SCF/T variation in offgas rate, yields remained con­
stant for this run as shown in Figure 19. This run may 
be in the region of the optimum for total gas rate and 
therefore does not sho'\t,1 any correlation. 
Pressure gradient does correlate with total gas rate 1 
although, it is at a higher level than prior data ,,71th 
this air distributor. The scatter in the pressure cor­
relation is probably due to: 
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(a) 	 Difficulty in controlling the actual recycle 
rate any closer than ± 750 SCF/T. 
(b) 	 Formation of 1/4 to 1/2 inch temporary 
deposits on walls of the retort restricting 
the cross-sectional area. 
(c) 	 Fluctuations in shale size distribution 
when switching from shale feed bins. 
(d) 	 Fluctuating concentrations of dust circulating 
up into the retorting-condensing zone. 
3. 	 Effect of Variations in Fines Concentration in the 
Raw Shale 
It was felt that some of the pressure dro~ increases may 
be due to variation in the fines concentration in the 
raw shale. The amount of raw shale less than 1/2 inch 
varied between 2 and 5% for the 16-hour balances. How­
ever, there was no correlation between the amount of 
fines and the average pressure gradient. 
G. 	 Qualit~ of Shale Oil Produced 
Table 8 shows the typical quality of the shale oil produced 
during this demonstration run. It is essentially the same 
as previous oils. A portion of this shale oil was retained 
to fill sample requests from the Participating Parties. 
H. 	 ~2 Pilot Retort Description 
1. 	 Retort No.2 
The demonstration run was carried out in Retort No.2. 
In preparation of the run extensive revisions ,-vere made 
to the retort incorporating our best equipment know-how 
and eliminating many instrumentation probes not required 
for a demonstration type run. Experience had demonstrated 
that instrument probes necessary for more varied test 
work can impede shale flo,,,. 
Figure 20 shows the final arrangement of thermocouple and 
pressure probes used for the run. All other nozzle probes 
were removed or burned off flush with the inside of the 
retort shell. New refractory lining and insulating brick 
were installed from the bottom of the air distributor 
section to the top of the retort. This configuration 
eliminated all horizontal temperature probes above the 
air section, and substituted a stationary vertical thermo­
well. 
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TABLE 8 

TYPICAL PROPERTIBS OF SHALE OIL P~ODUCED 

DURING DEHONSTRATION RUN B817 

Gravity, API0 
Viscosity at 210 0 F, SUS, sec 
Pour Point, F0 
Ash, ~'7t % 
Carbon, f'It % 
Hydrogen, v.1t % 
Nitrogen 
ASTJ'.1 0-1160 @ 10 mrrt 
IBP 
10 

20 

30 

40 

50 

60 

70 

80 

19.7 

47 

80 

0.03 
8<'1.0 
11. 0 
2.2 
387 

521 

609 

679 

754 

821 

868 

904 

931 
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A stainless steel liner fabricated from 1/4 inch thick 
type 304 plate was installed from 8 inches above the air 
inlet to the retort top. Figures 2la and 2lc sho~1 the 
arrangement and shape of this liner. As shown, 3 inch 
corner fillets were installed to minimize corner bridging 
of shale. Figure 2lb shows the location of the vertical 
thermowell with respect to the air distributors. Upon 
the completion of all retort construction, the air section 
was rolled into position and asse~bled. Care was exercised 
to provide alignment which would provide a smooth junction 
between the liner skirt in the air section, and the bottom 
of the main liner. Inspection shows a 1/4 inch over-hang 
of the main liner on the south and west "JaIls. Additional 
skirt plates were laminated on each of these walls to 
eliminate the over-hang. Figure 22 shows the dimensions 
of the main liner just above the air section top flange. 
2. Process Flow 
A block flow diagram of Retort No. 2 pilot retort appears 
in Figure 23. Raw shale is fed to the process and metered 
in the following manner. Each feed bin is equipped ,,,ith 
a Utah vibrating screen feeder ~.qhich fills a tared weigh 
hopper ,,;Tith a preset weight of shale. The actual weight 
of shale in the hopper is shown on a calibrated primary 
scale head. The primary scale head reading is transferred 
electronically to a remote scale head on the control 
panel in the retort building, thereby permitting adjust­
ment of batch sizes from the control panel. The remote 
scale reading is further transferred to a calibrated 
recorder which then provides a continuous and permanent 
record of batch sizes and dumps. In addition, each time 
the weigh hopper dumps, a time clock is activated and 
punches the time at which the hopper dumped. The shale 
feed rate is controlled by a Syntron system which regu­
lates the frequency of weigh hopper dumps. The Syntron 
system comprises a vibratory feeder and a small, \.,eighed 
conveyor belt. The shale rate is adjusted by changing 
the inventory on the constant speed belt. This is 
accomplished by altering the feed rate to the belt. The 
Syntron system contains a surge bin which receives shale 
from the weigh hopper and a low level signal in the surge 
bin activates the dumping mechanism of the ,,,,eigh hopper. 
Raw shale samples are obtained as follows. A mobile 
sample collection cup is mounted below the discharge of 
a raw shale conveyor belt. The automatically controlled 
cup traverses the belt, collecting shale and the frequency 
of traverse is adjusted such that 2 to 3% of the total 
shale fed is collected in the cup. The collection system 
is equipped with a timer-controlled diverter plate which 
diverts ~5% of the collected material to a sample col­
lection vessel. This sample is used for Ty-Lab screen 
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analysis. The remainder of the material collected in the 
cup is automatically crushed and passed through a seven­
stage splitter to provide representative samples for 
detailed analysis. The ,,,eights of all samples and splitter 
waste material are recorded. 
The mist recovery train includes a surge drum, multiclone 
and an electrostatic precipitator on the upstream (low 
pressure) side of the recycle gas blower and a cyclone 
and skimmer on the high pressure side. Liquid product 
recovered in the surge drum and multiclone is collected 
in product Tank 0-3 while that recovered in the electro­
static precipitator is pumped to Tank T-3. Liquid pro­
duct recovered dm"nstream of the recycle gas blower is 
collected in Tank 0-1. The small amount of material col­
lected in 0-1 is mixed with 0-3 product prior to the final 
pump-out of 0-3 at the end of each run. -Product Tanks 
0-3 and T-3 are automatically sampled loTi th True-Cut 
samplers during each tank pump-out. The True-Cut sampler 
is a continuous sampling device which samples at a con­
stant rate. Therefore, sampling during the pump-out 
provides a representative sample of the tank contents 
so long as a constant pumping rate is maintained. This 
procedure greatly reduces or virtually eliminates sampling 
errors resulting from non-perfect mixing. All liquid 
product collection tanks are mounted on scales which are 
checked routinely with standard weights to insure proper 
measurement of liquid. product rate. 
All gas rates (air, recycle and vent) are measured with 
orifice meters and the air and recycle rates are controlled 
wi th motor valves operated by flO'l.V' recorder-controllers. 
U-tube manometers were installed across each orifice to 
serve as a check on the dp cells of the recorder-controllers. 
In addition, the air line was piped to allow diversion 
of the air stream through a Roots-Connersville gas flow 
meter, thereby permitting periodic on-stream calibration 
of the air orifice meter. The total vent gas stream is 
split into blO equal streams, one of v7hich passes through 
a '{.<1ater cooled condenser and provides gas samples for the 
on-stream gas chromatograph and for detailed gas analysis 
in the analytical laboratory. This stream also provides 
seal gas for the rotary seals at the bottom of the top 
of the retort. The oil and water condensed from the vent 
purge stream are separated and weighed. These weights 
are then included. in calculations made to determine 
moisture and oil mist content of the recycle gas. 
Spent shale leaving the retort is collected in a ,.,eigh 
hoppel.'. The scales on ,.,hich the hopper is mounted are 
checked routinely td th standard weights: hO'l.V'ever, some 
material losses are incurred in this system in the form 
-28­
of spent shale dust. Some dust is blo~m off the conveying 
system and accumulates beneath the belt and more is lost 
through the stack of the spent shale exhaust gas syste~. 
Spent shale losses by these means are estimated at 2 to 
3%. A Flex-timer controlled flop-gate assembly in the 
spent shale conveying system semi-continuously diverts 
,'v 1% of the spent shale to a sample collection vessel. 
The collected sample is then crushed and passed through 
a four-stage splitter to provide a representative sample 
for analysis. The analytical sample is ,,,eighed and the 
remainder of the material from the splitting operation is 
returned to the belts for discharge into the weigh hopper. 
I. Process.Operatin~ Hi~~Q~ 
The objp.ctive of the deMonstration run was to evaluate the best 
process conditions developed to date with respect to consistency 
of high yield generation and good operabil~ty over a sustained 
period of operation. The run was of l4-day duration and com­
prised 21 back-to-back, l6-hour material balance test periods. 
Technical shift coverage was maintained throughout the run and 
detailed operations and data logs were kept to provide reaxi­
mum process and operability information. Also, since the only 
retort internals and process operating conditions were being 
evaluated, extreme care was taken to insure proper functioning 
of all auxiliary equipment to reduce the possibilty of run 
abortion resulting from equipment malfunction or failure. A 
mechanic, electrician and instrumentman were assigned to each 
shift to inspect and maintain all equipment. In this connection, 
operations and equipment check lists were drafted to assist 
the engineers, operators and tradesmen in their appraisals of 
the overall unit operation and condition of equipment. 
The nominal shale size range and rate used for the run were 
3/4 to 1 1/2 inches and 500 lbs/(hr) (ft2), respectively. In 
the best prior operation in Retort No. 2 the calculated gas 
rates were 4,400 SCF/T air and 16,000 SCF/T recycle gas. How­
ever, there was some uncertainty concerning the actual rates 
used and it was decided that the initial gas rates employed 
in the demonstration run should be slightly higher, 4,600 SCF/T 
air and 16,500 SCF/T recycle gas. 
The unit was started up on February 8, 1966 and the specified 
operating conditions were reached early on February 9. Erratic 
behavior of retort pressures was observed during the early por­
tion of the line-out period, however the pressures eventually 
became stable and two 8-hour pretest balances were carried 
out. At the conclusion of the pretest period (0200 hours on 
February 10), the first l6-hour material balance test period 
(B8l7-A) was begun. During this test the raw shale feed 
system malfunctioned, resulting in an overfill of the \-7eigh 
hopper and rendering the automatic feed system inoperative. 
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The batch was dumped manually and for a period of 20 minutes, 
the shale feed system was completely inoperative. The trouble 
was traced to a sticking relay which Nas quickly repaired. 
However, the overfill of the "'Teigh hopper damaged a potentiometer 
in the remote scale head and it was not possible to regulate 
batch sizes from the control panel. Replacement of the 
potentiometer is a rather lengthy procedure and while this was 
being done, each batch size was recorded manually and the 
feed rate was controlled by adjusting the Syntron feed rate 
as required. After the repairs were completed the system 
fucntioned normally. Alternate methods of shale feed control 
were developed in the event of a reoccurrence, but it ~Tas not 
necessary to use them. 
The disruption in shale flow did upset the retort somewhat. 
Retort temperatures and pressures were climbing and consider­
able pressure fluctuations were observed. But, despite the 
upset, the unit appeared to be running reasonably well and 
the test was continued. The retort pressure was higher than 
expected and climbed steadily during the test and the spread 
between the north and south offgas temperatures was also 
larger than normal. In the following tests (B8l7-B and 
B8l7-C) the pressure began rising much more rapidly and the 
pressure gradients in the area one to three feet above the air 
distributor '"ere very high. The spread in offgas temperatures 
increased to ,'1/20° F and the bottom pressure climbed to 19 to 
20 inches H20. The high pressure gradients and spreading off­
gas temperatures suggested that the gas rates employed were 
too high, therefore the rates were reduced to 4,300 SCF/T air 
and ~,16,000 SCF/T recycle gas. 
The reduction in total gas rate resulted in a ~arked drop in 
bottom pressure to a level of 12 to 13 inches H20 and the 
spread in offgas temperatures narrowed to within ,~3° F. These 
conditions prevailed through tests B8l7-D, B8l7-E, and 
B8l 7-F. HO\,Tever, a steady and fairly ranid pressure build 
was observed during test B8l7-G. The pressure build, accom­
panied by an increasing spread in offgas temperatures, continued 
into test B817-H. y1hen the bottom' pressure 'reached a level 
of 16 to 17 inches H20 the decision was made to reduce the 
total gas rate still further. The air rate was held constant 
while the recycle gas rate was lONered approximately 600 SCF/T. 
At this time it \Vas found that the dp cellon the recycle gas 
orifice meter was not operating properly and it ",as replaced. 
The recycle gas rate resulting from the latter reduction and 
dp cell correction was 15,000 SCF/T.IV 
As expected, lowering of the total gas rate resulted in a 
significant drop in retort pressure and convergence of the 
offgas temperatures. No fUrther reduction in gas rate was 
necessary as the retort bottom pressure averaged /./ 12.5 inches 
H20 for tests BS17-J through B8l7-U. The demonstration run 
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was concluded with the completion of test B8l7-U and at 0245 
hours on February 24, 1966, shutdown was begun. 
The shutdm.,n procedure follo~]ed varied from that used in the 
past. Heretofore the practice had been to cut off the air 
flow completely during shutdown. However, subsequent inspec­
tions of the air distributor generally showed that the risers 
were severely plugged with an oily shale agglomerate just 
above the restrictive orifice. It is inconceivable that the 
retort would operate with risers plugged to such a high degree 
and it was thought that the plugs were formed mainly during 
shutdown. It is highly probable that small shale particles 
and condensed oil were blown into the riser slots, collected 
on the restrictions in the bottom of the risers and hardened 
upon cooling. In an effort to eliminate riser fouling in 
this manner, it \'Jas decided to maintain a positive air flm" 
through the risers throughout the shutdmvn period. The air 
rate used was ~J60 SCFM, equivalent to a slot injection velocity 
of rv 10 ft/sec. To facilitate cooling, the recycle gas rate 
was increased by 10% and the raw shale rate by 25%. This 
shutdown procedu~e proved to be very effective as the risers 
were found to be exceptionally clean while the normal retort 
cooling rate was unaffected. 
Revie~ling the run generally, it can be said that the entire 
operation was very satisfactory. Mechanical difficulties 
were minimal and with the exception of the two perioas of 
pressure build at the higher gas rates, the process was extremely 
stable. Attesting to the stnbility of the process is the fact 
that when thermocouple probes ~.,ere inserted into the bed to 
obtain horizontal combustion zone temperature profiles, momen­
tary changes in the operation were observed. Typical obser­
vations were shifts i.n level of retort pressures and of the 
retort temperatures immediately above the combustion zone. 
This is not very surprising since introduction of horizontal 
prones into ~he bed can be expected to alter the established 
shale flow patcern to some degree. HO'tlever, careful analysis 
of accumulated data failed to produce any correlation be~ween 
thermocouple probinq ~nd any of the operating variables, 
indicating that the observed changes were short term in nature 
and suggesting that the unit reequilibrated rather quickly from 
induced minor upsets. Another observation worthy of mention 
is the apparent effect of feed bin switches on the operation. 
In most cases after a bin switch had been made, a noticeable 
change in liquid product rate and/or retort pressure occurred. 
Since individual bin inventories were not analyzed, any dif­
ferences which may have existed between them are not known. 
However, variance in shale particle size distribu~ion and/or 
in average shale assay might account for the effects noted. 
The demonstration run was extremely well documented. In 
addition to the complete operations and data logs prepared, 
tests were conducted to provide useful supplementary data. 
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These tests included: combustion zone temperature probes, 
mist determinations, orifice calibration checks, determination 
of recycle gas composition and determination of spent shale 
losses via the spent shale exhaust stacks. The results of 
each of these tests are discussed in detail in appropriate 
sections of this report. 
J. Equipment Performance 
1. In-Run Haintenance 
During the demonstration run a shift mechanic, electrician, 
and instrumentI"lan ,"ere provided to insure operations. 
No significant \'lOrk was required hm'1ever. r~aintenance 
consisted primarily of the replacement of a defective 
pot on the raw shale system 2 1/2 hours after the start 
of B8l7-A, the replacement of a raw shale sampler motor 
which failed during B8l7-G, and periodic tightening of 
a packing gland on the roll feeder seal. The constant 
equipment surveillance by the working crews did provide 
for the detection of a loose sprocket key which would have 
aborted the test had it dropped out and destroyed "A" 
belt drive mechanism. 
2. Po~t-Run Inspection 
Retort and equipment inspections performed after the demon­
stration run showed no serious "'Tear, structural distor­
tion, or design deficiencies except for the thermowell. 
A summary of the inspections is as follows: 
(a) Retort Seals, Feed and Drawoff 
All star feeders performed satisfactorily with 
only minor gas leakage observed during the 
run. The top star feeder required no 
maintenance, and the bottom star feeders did 
not require new sweep seals: only minor adjust­
ment of the seals. 
(b) Retort Liner 
(1) Structural Stability 
No significant structural chanqes were 
noted in the liner. Figure 22 shows the 
liner dimensions before and after the run. 
Dimensions sho"m in parentheses on the 
It after" vie,,, are metal dimensions after 
deposits were removed. A small 1/2 inch 
expansion bo,.., was found on the east \.,all 
of the air section liner skirt. This 
was repaired by slicing, flattening and 
rewelding. 
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(2) Deposits 
Figure 24 illustrates the location of 
retort deposits found after the com?letion 
of the rUii. Except 'I.A!here indicated., all 
\-lere smooth, black and shiny. rJlaximum 
thickness was about 1/2 inch and the 
interiors of the deposits were dry, and 
appeared to be accumulations of shale 
dust. f"ost of the deposits were struc­
turally weak and easily re8oved. The 
location of the deposits indicate that 
the enviornMental conditions coincident 
~vi th liner and retort joints provided a 
focal uoint for deposit formation. Com­
pared to previous experience these de­
posits were minor and appeared to have 
equilibrated. This judgment is based on 
the fact that the surface of the deposits 
Nas obviously being abraced, parallel to' 
shale flo", paths. 
(c) Air Distributors 
All bayonets were removed from the air distri­
butor manifold. All bayonets and their restric­
tion orifices were found clean and free of 
deposits. 'rhree factors were presumed to have 
influenced the condition of the bayonets: 
(a) the smooth fast start up, (b) the smooth 
steady state operations of the retort, and 
(c) the use of air flow through the air distri­
butors durirlg the shutdown. 
(0) Orifice Plates 
All orifice plates were essentially clean after 
the run, and calibrations showed initial 
accuracies had been maintaineo. The cleanli­
ness of the recycle orifice supnorts the theory 
that start up conditions where the precipi­
tator is not in service contribute to essentially 
all of the orifice fouling. 
(e) Vertical Therrnowell 
The demonstration run proved the usefulness of 
a vertical thermowell,-and illustrated that it 
presents no obstruction to shale flow and does 
not cause shale bridging during normal operations. 
The bottom 12 inches of the ~',ell ~"ere severely 
-33­
eroded, and complete penetration ~,.,as imminent. 
The eroded portion was immersed in the combus­
tion zone and subjected to temperatures of '/2 ,000oF 
and to turbulent gas conditions •. 'Two conclusions 
can be dra\<-Tn from this observation: (a)the 
environment is too severe for Type 304 stainless 
steel, and (b) prolonged exposure of any thermo­
well eesign in this severe zone is not recom­
mended. Commercial operations employing 'lTells' 
located above this zone (about 12 inches above 
the air inlet) would provide adequate instrumen­
tation. 
K. Orifice ~1eter Calibrations 
1. Air Orifice 
Shortly before the demonstration run, the air orifice "Tas 
calibrated and the meter factor calculated from the 
calibrations was 29.5. As discussed earlier, in prepar­
ation for the demonstration run, the air system ~as piped 
to permit on stream orifice calibration checks with a 
Roots-Connersville gas meter. The first check ~"as made 
four days after the run '!,,.Tas started and four more checks 
were made at intervals of one to three days thereafter 
throughout the run. As shown in the follm"ing table, 
the rates calculated with the orifice Meter factor were 
very close to those indicated by the test ~eter and the 
deviations are well within the accuracy limits expected 
of an orifice meter. After the run \-Tas corn.pleted, the 
orifice plate was removed, cleaned and reinstalled and 
another calibration check was made. The latter test 
indicated that ~he rate calculated with the orifice 
meter factor was slightly higher than that of the test 
meter, but the rates were sufficiently close to be con­
sidered an exce:lent check 
TABLE 9 
Air Orifice Meter Calibrations 
(Orifice Heter Factor = 29.5) (1) 
Air Rate Error in Orifice 
fCFB ~~F7T Orifice Plate Date RCt1 (02 Orifice RCH( Orifice Rate, % Condition 
2/14 157.9 163.6 4,120 4,270 + 3.6 Clean 
2/15 165.1 164.1 4,320 4,290 - 0.7 On stream 
2/17 164.1 163.1 4,290 4,260 - 0.7 On stream 
2/20 164.4 163.2 4,300 4,270 - 0.7 On stream 
2/23 166.9 162.5 4,350 4,240 - 2.7 On stream 
2/26 161.1 163.5 + 1.5 Clean 
(1) Obtained from calibration runs made on 2/6. 
(2) Roots-Connersville Ileter. 
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2. Recycle Gas Orifice 
The recycle gas orifice calibration was also checked ~1i th 
the Roots-Connersville gas meter, but since the recycle 
system is not designed to allow on stream calibration 
checks the orifice was tested before and after the run 
only. In both cases checks \'>lere made before and after 
the orifice plate was cleaned. The initial check sho~m 
in the table below was made to establish the validity of 
the meter factor 79.43 which had been in use to that time. 
After cleaning the orifice was rechecked and the resulting 
rates were close enough to be considered a good check, 
not warranting a change in the original meter factor. 
At the end of the run the calibration procedure was re­
peated and the results ",ere essentially the same as those 
obtained with the cleaned plate before the run was made. 
TABLE 10 
Recycle Gas r1eter Orifice Calibrations 
(Orifice Meter Factor = 79.43) 
Gt3h Rate, SCFH Error in Orifice Plate 
Date RCM Orifice Orifice Rate, % Conc1ition 
2/4 624 600 - 4.0 Dirty 
2/4 615 600 - 2.5 Clean 
2/24 608 592 - 2.7 Dirty (2) 
2/24 444 432 - 2.8 Clean 
(1) Roots-Connersville Heter. 
(2)Thin oily film accumulated during run. 
3. Vent Gas Orifice 
Essentially the same procedure used to check the recycle 
gas orifice was follo\'>led for the vent gas orifice checks 
with the exception that the vent orifice plate was cleaned 
before the first test was made. As sho~rn by the tabu­
lated data below, exceptionally good checks were obtained 
in all cases indicating that the original orifice meter 
factor was valid throughout the run. 
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TABLE 11 
Vent Orifice t'leter Calibrations 
(Orifice Meter Factor = 57.8) 
Gas Rate, SCFM Error in Orifice Plate 
Date RCH(I} Orifice Orifice Rate, % Condition 
2/5 307 300 - 2.3 Clean 
2/24 305 300 - 1.7 Dirty 
2/24 304 300 - 1.3 Clean 
(1) Roots-Connersville l~eter. 
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SPECIAL ANALYSIS OF RECYCLE GAS - SAMPLING 

SCHEME AND RESULTS 
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B. Summary of Results 
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VERTICAL PRESSURE GRADIENT PROFILE 
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VERTICAL PRESSURE GRADIENT PROF;ILE 
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FIGURE 18 
EFFECTS OF VARIATION IN RAW SHALE ASSAY 
DURING THE DEMONSTRATION RUN 
Runs PT - B C - I J -U 
Shale Rate, lbs/(hr) (ft2) 492 497 501 
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FIGURE 19 
EFFECTS OF VARIATIONS IN TOTAL OFFGAS RATE 
DURING DEMONSTRATION RUN. 
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APPENDIX B 
.~SU~~'ARv SHEt:'T-
-' 
U)Retort No.1 runs - no prefix~ Retort ~ o. 2 runs - "J? prefl.x. 
RUN NWmER l J.I 8-1'17- R. 
DATE STARTED ;J..·~/·'1.
LENGTH OF RUN, hours " RETORT TYPE Nur.mER Rev 
OIL RECOVERY SYSTEPJ Nor'1BER 'B-'1 
OPERATING CONDITIONS: 
RaN Shale, lbs/(hr} (ft2) SO/
Fischer Assay, Gal/Ton RS ~'1,.:r 
Nom. Sl.ze Range, l.nches %-Jl/:1.
Avq. Part. Diam. , l.nches o.~J./
Air, SCF/Ton RS i;;u.o
Tot. Recycle, SCF/Ton RS h'et) '" I /.J"/OO
Dl.lution Gas, SCF/Ton RS (wet)
Propane, SCF/Ton RS -
Brl.ne, Gal/Ton RS -
Al.r Temo. Enterl.nq Retort, of 151{
Bed Hgt. Above Al.r Dist., ft 'I 
OPERATInG DATA: 
Offqas Te~perature, of J34 
Recvcle Gas Temperature, of J f/J./ 
I 
Soent Shale Temperature, of ;;l.3R' 
Avg. Retort c:P, l.n. H20/ft D.91 
~ Above Air Dl.st. l.n H20/ft 1.:H
I Overall Opere Perforrrance 
/vZ:>t! 4;~ 7l1~r _"TL: 
PRODUCTS RECOVERED: 
- Oil Collected, vol t RSFA /7.$'
Ol.l Lost as }\list, vol % RSFA 1),(,. 
Oil in Spent Shale, vol' RSFA 0,"
Total OJ.l Heas., vol % RSFA &8.7 
Total Vater, lbs/Ton RS 1,1.'
Calc. Dry Vent Gas, SCF/Ton RS ."5".,70 
Hineral C02 Decomposed, , .33.7 
~mTERIAL BALANCES~ 
Ash, wt % (measured) ~7,4 
Basl.s for Vl.elds & t1at'l. Bal. ~s 
Overall Balance, wt % 93,S'
Organl.c Carbon Balance, wt , Q4,S-
Total Carbon Balance, wt , "1J"'",9 
Organl.c Hydrogen Balance, 'oTt , 9J?,(" 
~ater Balance, wt % /l"l. I 
Gas Loss, SCF/Ton RS (;t~tJ 1/70
HEAT BALANCE: 
Heat of Combustion, NBtu/Ton RS ijl'i 
Unaccounted Heat, t>mtu/Ton RS "-0 
SHALE OIL PROPERTIES~ 
Gravitv, 8API /9.7
Ramsbottom Carbon, wt , -
Ash, ,.,t % 0.03 
GAS PROPERTIES (DRY): 
HOl.sture, lbs/I-1SCF of dry gas ~,-:L 
Gross Heating Value, Btu/SCF If) 7. 7 
02 vol % . () 1 
C02 vol % ;). 7.1 
SPENT SHALE: 
F1scher Assay, Gal/Ton SS OD 
Oraanic Carbon. wt , ~,Ih 
1/-K"I7-S· 13-/17- i. 
~. :U. -I:.( ;l - .l:l • ~i. 
Il. It 
~y ilB-v 
'B-9 8-'l 
.5"01 1199 
:3 o.:z.. :JO, l. 
~/ ... I 7t. I,y~/ -II/%. 
.0..,,-0 I /l.li 
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16"1"0 JS'.;t.oo - -- -- -
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9 'I 
-
/30 1:3/ 
Ixt. Ix "!. 
')..~2 ::2 .'1 , 
().r~ 0.8J 
/, (.) 't I J7 
! 
YT • Y1 , 
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':12 S-
97,1 
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'7.:1J k. 
9'0/. b 
77. .2 
. 
3.5'"0 
~I!/ 
17 
19. 7 
0,03 
R 3 
/17.7 
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(2) Total Becyole .. Recycle in bottom + Diluticn Cas 
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